Abstract: Diabetic eye disease is a public health concern in all areas of the world as a leading cause of blindness in the working aged to elderly populations. Diabetes damages the lining of the microvasculature throughout the body through prolonged exposure to hyperglycemic conditions. The ocular changes are progressive with very little recourse for improvement once damage begins. Current treatments for the eye focus mainly on the late stages of the disease when neovascularization or edema threatens sight. Early interventions for diabetic vasculopathy involve metabolic therapy to improve blood glucose and blood pressure control. Technology improvements have a large part to play in advancing diagnosis of diabetic eye disease. These new technologies offer both structural and functional means for assessment of retinal health. This review focuses on current treatments for diabetic eye disease at all stages with an emphasis on new and early interventions. It also details established and emerging technologies used for earlier detection of diabetic eye disease, which is vital to the development and approval of much needed treatments targeted at earlier stages of diabetic retinopathy. Possible future treatments should be aimed to prevent retinal vasculopathy from progressing. This review will explore current research on this topic and what is needed moving forward.
Introduction
Over the past several decades, there has been a tremendous effort to increase awareness surrounding diabetes mellitus (DM) and diabetic eye disease. Diabetes is a worldwide public health issue with a staggering 382 million cases. 1 Many of these patients are undiagnosed, and the cases continue to increase at epidemic rates. Diabetes is an increasing cause of morbidity and mortality. 2 The systems affected first include both neural and microvasculature of the kidneys, extremities, and eyes. Diabetic eye disease is present in 30% of those people with diabetes. 3 In the USA, diabetes is the leading cause of non-traumatic limb amputation, kidney failure, and a leading cause of blindness. [4] [5] [6] Early intervention is key in preventing these complications, which affect quality of life.
Diabetes is currently defined as an elevated fasting blood glucose level or an elevated serum hemoglobin A 1 c (HbA 1 c) level. The inclusion of HbA 1 c as a diagnostic criterion is relatively new compared to blood glucose values. It was added as a criterion to the 2011 World Health Organization report. 7 The American Diabetes Association indicates that an HbA 1 c over 6.5% and/or a fasting plasma glucose over 126 mg/dL are diagnostic of the disease. Although less commonly used, a 2-hour oral glucose tolerance over 200 mg/dL and/or a random plasma glucose over 200 mg/dL are also diagnostic.
It is well known that there are many types of diabetes. All types have the above diagnostic criterion in common, but it is important to note that beyond that they are very different diseases. This report will focus on the most common types of diabetes, type I and type II. Type II diabetes accounts for most of the cases of the disease (∼90%-95%). 8 It is commonly associated with many co-morbidities which affect ocular health in addition to hyperglycemia, making it a multifaceted disease to care for and monitor. It is estimated that only 14% of those with type II diabetes do not have an important co-morbidity, 9 such as obesity, hypertension, hyperinsulinemia, and hyperlipidema. Type I diabetes is an autoimmune disorder resulting in the loss of the body's ability to produce insulin. 8 Type I diabetes rarely includes the co-morbidities of type II diabetes and is always treated with insulin. Type II diabetes has a wider variety of treatment options.
Pathophysiology and mechanisms leading to vascular damage in the eye
Diabetes can be generally classified as a disease of the capillaries. After prolonged hyperglycemia, the vascular endothelial cells are damaged through one of many mechanisms soon described. This leads to thickening of the capillary basement membrane thereby preventing pericytes from being in contact with endothelial cells. 10 Pericytes are the cells which are imbedded in the basement membrane of the blood vessels and help control the blood barriers. Drop out of the pericytes, which along with endothelial cells comprise the lining of the capillaries ensues, thus leading to increased leakage potential and breakdown of blood-retina barrier. Additionally, focal loss of the pericytes leads to bulging of the capillaries and microaneurysm formation.
The underlying pathophysiology of diabetic retinopathy (DR) and diabetic eye disease is multifactorial; thus far no single pathologic mechanism has been identified. Chronic hyperglycemia is the root cause and has a very strong relationship in developing DR. 11, 12 The main effect of hyperglycemia as it relates to DR is its ability to elicit pathological changes on vascular endothelium. 13 Several interdependent metabolic mechanisms have been implicated through which hyperglycemia has an effect on vascular endothelium. These mechanisms include activation of protein kinase C, 14 increased polyol, 15 oxidative stress, 16 up-regulation of vascular endothelial growth factors (VEGF), 17 creation of advanced glycation end products, 18 activation of the renin angiotensin system, 19 and elevated prostaglandins. Platelets also, through a method of adhesion, secretion, and aggregation, alter the basement membrane of cell walls. 20 Furthermore, chronic inflammation leads to leukostasis, which is clumping of the leukocytes. 21 There are multiple other mechanisms, but it is vascular endothelial dysfunction that is at the center of all the mechanisms.
As the systemic and ocular components of the disease process progress, extra glucose in the body is converted to sorbital which does not have the ability to diffuse out of cells. This creates osmotic imbalance that leads to further weakening of the retinal capillaries walls, leading them to burst and causing dot and blot hemorrhages. 22 This abnormal leakage leads to an increase in oncotic forces. This draws more fluid into the extravascular space, causing damage to the vascular endothelium composing inner retinal barrier. 23 To summarize, tight junctions of the capillary endothelium are broken due to splitting of the pericytes leading to bulging of the capillaries. At the same time, the lumen constricts resulting in loss of capillaries that in turn results in retinal hypoxia and ischemia. In response to prolonged hypoxia, VEGF is released and triggers neovascularization, with new vessels being fenestrated, thus leading to more bleeding. 10 Neovascularization leads to proliferation of the glial tissue resulting in fibrosis, which in turn can lead to traction of the vitreous. These end stage complications, neovascularization, traction, and edema, can lead to serious vision loss. 24 
Diabetes in the eye and early diabetic vasculopathy
In the eye, changes from diabetes are extensive and typically progressive. For the purposes of this paper, we will focus on diabetic effect on the retina. The most significant risk factor for developing DR is the length of time a patient has had DM. 25 If a patient with type I DM has DM for 5-10 years, there is a 27% chance of developing DR; 71% if longer than 10 years, and 95% if longer than 30 years. For patients with type II diabetes for 11-13 years, there is a 23% chance and if longer than 15 years there is a 60% chance of developing DR. 25 This data means that progression of diabetes to diabetic eye disease is an expected finding over time. The timeline of appearance of diabetic changes varies with a wide variety of factors. Examples of important factors include length of the disease, glycemic and cholesterol levels just to name a few. Figure 1 highlights the progression of diabetic eye disease through the various clinical stages. As stated earlier, the first 
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early interventions to prevent diabetic vasculopathy visible retinal change is the formation of retinal microaneurysms ( Figure 1A , yellow arrow). As evidenced from Figure  1B , they are not always visible with standard fundus evaluation but are easily viewed upon performing fluorescein angiography (FA). Later sections of this report will detail all the early diagnosis techniques available including FA. Dot ( Figure 1C Figure 1F , showing the exact location of the scan in Figure 1H . (H) The scan line from Figure 1G showing fluid accumulation in the outer plexiform layer of the retina (red arrow), indicating clinically significant macula edema. Figure 1B , yellow arrow; Figure 1C , blue arrow; and Figure 1F , blue arrow). Formation of cotton wool spots, which is a sign of focal retinal ischemia, is also quite common ( Figure 1B , blue arrow). After prolonged cycles of hypoxia-normoxia and therefore constant dilation/ constriction of the lumen due to vascular autoregulation, the vessels can develop tortuosity or can form venous beading. Venous beading is a very strong predictor of progression to neovascular or proliferative DR (PDR). After prolonged non-perfusion, retinal vessels can also respond by creating intraretinal shunting through the pre-existing capillary bed and form intraretinal microvascular abnormalities, which acts as a germination bed for neovascularization ( Figure 1D , blue circle). In one of the final stages of DR development, new blood vessels which are fenestrated are formed ( Figure 1E , blue circle and Figure 1D , red circle). This can progress to proliferation of the glial cell alongside endothelial cells resulting in fibrosis and tractional retinal detachment ( Figure 1E , entire picture). 26 Diabetic macula edema is the number one cause of vision reduction in DR and can take place at any stage of DR. Prior to the advent of optical coherence tomography (OCT), it was often quite difficult to tell if clinically significant macula edema (CSME) was present, but is easily detectable now with this technology (Figures 1G and H are an OCT image of Figure 1E , CSME is shown with a red arrow). CSME is defined by the Early Treatment of Diabetic Retinopathy Study (ETDRS): 1) Any retinal thickening within 500 µm (one-third disc diameters) of the center of the macula. 2) Hard exudates within 500 µm of the center of the macula with adjacent retinal thickening. 3) Retinal thickening at least 1 disc area in size, any part of which is within 1 disc diameter of the center of the macula.
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Current treatments for diabetic eye disease
The treatments available for the treatment of diabetic eye disease include metabolic control or changes in blood glucose and blood pressure levels, laser photocoagulation, intravitreal injections, and surgical care. Of the available treatments, three are aimed at late stage complications and only the first is aimed at early levels of retinopathy.
Currently, metabolic control is the number one intervention for delay of retinal vasculopathy. Intensive blood glucose control (HbA 1 c#6%) in patients with type I diabetes was able to reduce rates of development of retinopathy by 54% in patients with some level retinopathy at baseline and up to 76% in patients if with no retinopathy at baseline. 12 For patients with type II diabetes, tight blood glucose control and tight blood pressure control were able to reduce rates of progression of microvascular complications by 25% and 34%, respectively. 28 Tight cholesterol control has also been implicated in playing an important role in developing diabetic complications. 29 Patient education by eye care professionals and primary care providers on the importance of tight glucose, blood pressure and cholesterol control has become standard of care in diabetes management and is easily one of the most important early intervention techniques in preventing development of DR.
The current standard of care treatment for PDR remains panretinal photocoagulation (PRP) laser therapy. This treatment was validated by the Diabetic Retinopathy Study in the mid-1970s and still remains the standard of care for PDR. 30 ETDRS showed that preventative PRP is not indicated. It also established a standard of care for treatment of CSME as focal laser photocoagulation, which was able to reduce the risk of vision loss in patients with macula edema. Thus, a referral to a retinologist for an evaluation whether to perform the procedure is indicated in all cases of CSME independent of vision loss. 31 There have been a number of studies trying to find better treatments for CSME, as the primary objective of focal laser photocoagulation is not to improve vision loss, but to prevent further loss of vision. Intravitreal steroid injections (IVTA) and implants have been tried extensively. However, the intravitreal steroid injection study (ISIS-DME) and the Diabetic Retinopathy Clinical Research Network have found IVTA for diabetic macula edema to have high complication rates compared to focal laser photocoagulation without longterm improvement in visual outcomes in all forms. 32, 33 To improve the safety profile of the IVTA injection, sustainedrelease drug delivery system such as OZURDEX (dexamethasone implant; Allergan, Inc., Irvine, CA, USA) have been trialed. 34 Also trialed previously are extended release non-biodegradable steroid implants (Retisert fluocinolone acetonide intravitreal implant; Bausch and Lomb, Rochester, NY, USA), 35 but the outcome of the these implants remained the same as IVTA.
Recently, the DA-VINCI study group (VEGF Trap-Eye in patients with diabetic macular edema) examined intravitreal anti-VEGF injections and found better primary outcomes of improved retinal thickness and improved acuity at all time periods up to 24 months compared to focal laser. 36 In 
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early interventions to prevent diabetic vasculopathy intravitreal aflibercept, bevacizumab, or ranibizumab. It was shown that all were able to improve macula edema equally for up to year if vision loss was mild to moderate, but in the most severe eyes aflibercept (Eylea; Regeneron, Tarrytown, NY, USA) was shown to be superior to the other anti-VEGF medications. 37 Intravitreal anti-VEGF injections are becoming the first line of treatment for diabetic macular edema. This is due to the fact that they have the ability to improve vision rather than simply prevent further vision loss unlike focal laser photocoagulation and their superior safety profile compared to the intravitreal steroid injections. The biggest concern for the anti-VEGF treatments is that they do not have a prolonged effect and must be re-administered every 4-6 weeks for the duration of the disease. In cases when microaneurysms leak exudative material and form circinate retinopathy, anti-VEGF injections are the standard of care for treatment as focal grid laser cannot penetrate lipid-laden exudates. If microaneurysms leak on angiography, focal photocoagulation remains standard of care, but it is becoming very popular to utilize combination focal photocoagulation alongside anti-VEGF to treat edema.
Early detection methods for diabetic eye disease
It has been shown that early detection of diabetic eye disease is beneficial in reducing blindness. 38 Early diagnosis usually comes with the recommendation for metabolic therapy discussed earlier. The combination of early detection along with metabolic therapy is currently the best intervention for reducing vasculopathy in diabetes. To this end, many newer studies focus extensively on the use of technologies to identify those with diabetic eye disease sooner. Features of the structure and function of the retina may be able to indicate when a patient is at higher risk for developing more serious diabetic eye disease in the future. Structural measures of diabetic change include fundus examination, angiography, OCT, and adaptive optics (AO) imaging. Functional measures, which are often more sensitive for early change, include psychophysical tests such as contrast sensitivity, color vision, and multifocal electroretinograms (mfERGs). All of these technologies, new and old, will be evaluated for their role in identification of early diabetic eye disease. The right combination of all of these tests may be the key to prevention of future vision loss.
Fundus examination and photography
A thorough fundus examination is the hallmark and gold standard of diabetic eye care. The Center for Disease Control, ophthalmological, optometric, and diabetic associations are all in agreement that every patient with diabetes should receive annual dilated eye examinations. 39 Unfortunately, only 50%-70% of patients with diabetes receive an annual dilated eye examination. 40 Educating patients about the importance of yearly dilated eye examinations is one of the earliest intervention techniques in preventing retinal vascular disease.
DR is the most common factor evaluated during these examinations and has been graded on the same scale in the USA since the ETDRS. 41, 42 Multiple studies have validated this grading scale to be very consistent between eye care professionals. [43] [44] [45] ETDRS also established follow-up guidelines depending on the level of DR: 1) DM without DR or mild non-proliferative DR (NPDR) (microaneurysm and hemorrhages in one quadrant of the eye) follow-up in 12 months; 2) moderate NPDR (hemorrhages and microaneurysm or exudates in more than one quadrant) follow-up in 6 months; 3) severe NPDR (4-2-1 rule, microaneurysm or hemorrhages in all four quadrants, venous beading in two quadrants, or intraretinal microvascular abnormalities vasculopathy in one quadrant) follow-up in 3 months; and 4) PDR requires an urgent referral for treatment. The presence of CSME at any stage of DR, independent of acuity also requires an urgent referral to a retinologist. 42 Fundus photography is often performed in conjunction with dilated fundus examination and is a widespread technology worldwide. The ETDRS was first to comment on the relationship between the two, 46 and many studies have followed suit. The results of these studies are mixed; many find that photography is an important adjunct to fundus examination for the monitoring of retinopathy. However, others find it to be less crucial, often depending on the skill level of the examiner. The studies that support the use of photography cite that subtle early signs of retinopathy such as microaneurysms are most likely to be missed by fundus examination alone. This indicates that a photograph may help aid in the diagnosis of very early DR more so than later stages. 47 The use of photography has expanded beyond a standard office visit with the use of telemedicine programs. Telemedicine programs employ the strategy of evaluating lower risk diabetic patients every one to two years with fundus photograph(s) graded by an outside provider and in so doing frequently substitute the photography for the dilated fundus examination. This allows patients to have greater access to diabetic eye care and can reduce costs, but is not without its own risks and benefits. On the positive side, the more frequently patients are screened, the lower their risk of 
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Harrison and Yevseyenkov complications. However, concerns remain in identifying the number of photographs needed and who should grade those photographs. A recent review and meta-analysis of telemedicine in the British Journal of Ophthalmology 48 highlights that telemedicine diabetes programs have excellent sensitivity and specificity for the detection of NPDR especially when the patient is dilated and the images are captured with a wide field camera. The specificity of the studies combined was 90%, indicating that correctly identifying those with healthy retinas seems to be feasible. The American Academy of Ophthalmology does not recommend substituting a single field photo for a fundus examination due to the rate of under diagnosis of diabetic eye disease. 49 Further concerns surround who should grade the images. It is clear that ideally this should be a trained eye care professional; however, recent studies have also evaluated grading by other sources with good results. Brady et al showed that crowd sourcing fundus grading might have potential. 50 It is certain that these programs and this technology will continue to expand and develop, hopefully to the advantage of increasing screening among patients who need it most.
There is a great deal of research focusing on vessel changes in the fundus, not just the DR, to give information about early diabetic eye disease. This can be evaluated in both the context of a fundus examination as well as within a telemedicine program. Venous beading was discussed earlier in this report. Additionally, many studies have shown changes in the arterioles and the arteriovenous ratio early in the disease process. Arteriole narrowing is one of the most consistent metrics between studies, [51] [52] [53] [54] which may be influenced by the many co-morbidities of type II diabetes. Vessel tortuosity has been shown to be associated with DR in some studies. The recent study by Weiler et al 44 indicates that arteriole tortuosity is a more consistent and powerful indicator of diabetic eye disease than venous tortuosity and may be a good metric to consider in early disease evaluation. Computerized metrics for evaluating vessels may assist with these issues and are becoming more readily available. 55 
Ultra wide field FA and fundus autofluorescence
Ultra wide field FA offers a 200 degree of view of the fundus as part of a FA. It often utilizes scanning laser ophthalmoscope (SLO) technology and is superior at detecting capillary dropout and non-perfusion over the entire eye compared to tradition FA. Figure 1 has already demonstrated the benefits of a standard FA over traditional fundoscopy for viewing early microaneurysms. Capillary drop out and areas of non-perfusion are early vascular signs of diabetic change that come before the DR grading scale. FA itself is an older technology, but this wide field technology addition is newer and adds a layer to the fundus evaluation. FA is more invasive than traditional fundoscopy. It involves a systemic injection of fluorescein dye, which travels to the eye, but offers different information. Capillary non-perfusion and drop out are often present but under-diagnosed signs of early diabetic eye disease, and this technology aids with this early diagnosis. 56 In comparison to the seven field ETDRS protocol, an ultra wide field FA has shown to demonstrate significantly more non-perfusion. 57 Fundus autofluorescence is a technique that involves a fluorescent image of the fundus. The technique is less invasive than the angiography described above and takes advantage of the properties of the photoreceptors themselves. Fundus autofluorescence is becoming more widely used for many ocular diseases. It has been shown that quantifying the amount of fluorescence is correlated with visual acuity and thickness information in eyes with diabetic edema. 58 The expansion of the technology to earlier stages of diabetes may continue to occur in the future.
Optical coherence tomography
Another way to evaluate retinal structure is OCT. This technology emerged in the early 1990s and now has become widespread and is available in many optometric and ophthalmologic practices. OCT has made a considerable impact on the diagnosis of all eye disease, including diabetic eye disease. An example of an OCT in diabetic eye disease is shown in Figure 1G and 1H. The majority of the literature surrounding OCT in diabetes focuses on diabetic macular edema. In a recent Cochrane report (2015) on the use of OCT inedema, it was found to have a sensitivity of 78% and specificity of 86% for the detection of CSME. 59 As CSME can occur at any stage of DR and decreases vision, it is of particular concern. The conclusions of that report are that OCT alone is not sensitive enough for diagnosis but that false positives resulting from the use of OCT are generally subclinical cases that will likely progress in the future. The report still recommends careful fundus examination as the standard moving forward.
The use of OCT for earlier changes is not as clear. Studies vary on the expected changes in the overall retina from early diabetic eye disease. It is clear from clinical practice experience and study results that early diabetic changes, even microaneurysms are visible on an OCT scan, given a high 
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early interventions to prevent diabetic vasculopathy enough resolution and the correct slice through tissue. Several studies document a variety of microaneurysm appearances visible on OCT. For example, microaneurysms in OCT which lack of a ring sign may be more associated with swelling. 60 Leaking microaneurysms have also been documented on OCT as focal regions of thickening that correlate with fluorescein angiograms. When evaluating the retina tissue as a whole and not in focal locations, some studies cite retinal thinning while others retinal thickening. The thinning is likely due to tissue loss (apoptosis) in early diabetes and retinal thickening from fluid leakage in the tissue. 61, 62 Several factors seem to be involved here including type of diabetes, duration and severity of disease, and other health modifiers such as blood pressure. Harrison et al 63 noted that retinal thickness increases with diastolic blood pressure in patients with mild retinopathy but no edema. This change was absent in patients without retinopathy indicating these as confounders. It seems clear from this work that the integrity of the blood retinal barrier is an important factor in the amount of swelling. Other studies have also indicated this result that these measures can be very complex. 64, 65 Most studies which evaluate OCT in early diabetes and NPDR measure both the thickness of the nerve fiber layer and the overall retinal thickness. Some studies have shown that the sensitivity and specificity in early disease is not as high as it is for detecting diabetic macular edema. 66 Thus at this time, full retinal thickness changes alone are not a good assessment for diabetic eye disease without more information on the patient such as duration, type of diabetes, and blood sugar information. However, it is certain that they are useful in the health evaluation and prevention of vasculopathy of individual patients followed over time. Certainly, more studies evaluating OCT in early diabetes are warranted and can be expected as the technology continues to improve.
Furthermore, OCT technology has recently been combined with angiography technology as OCT angiography. Research shows that this non-invasive method allows excellent detection of early signs of diabetes such as capillary drop out and also may transform the way we look at PDR detection. By having the ability to create three-dimensional vascular imaging, we are now able to discriminate vascular lesions from the adjacent tissues. In recent studies, it has been demonstrated that OCT vascular angiography was able to show hyperreflective lesions in the inner retinal layers indicating retinal neovascularization at the different stages of neovascularization. 67 As it gains approval for use in the USA, it should become more widely used for early detection.
Adaptive optics imaging
AO technology for use in early diabetic eye disease is expanding rapidly. 68 This technology crosses the border of being both structural and functional depending on its use. AO works by correcting the higher order aberrations of the eye, beyond sphere and cylinder, with a deformable mirror. 69 It can be coupled with both an OCT or SLO. An AO-SLO has the capabilities to view blood vessels in detail and peripheral cones. The work of Tam et al [70] [71] [72] uses AO-SLO to track the movement of blood in patients with and without diabetes. They confirmed AO-SLO as a viable technique for early diabetic changes and viewed changes in the avascular zone, blood cells, and photoreceptors in these patients. In addition, other groups have found early changes in diabetes using AO technology. This includes differences in velocity of blood movement in diabetic patients, 73 differences in cone density between patients with and without type I diabetes, 74 and fine alterations in the cellular walls of patients with diabetes. 75 Since AO can be coupled with functional tests with success, 76 this area of research should expand greatly in the future. At this point, these instruments are mostly available in research institutions, but commercially available models are emerging. Imaging the blood cells themselves allows for a new level in the quest to reduce the impact of diabetic vascular changes.
Functional measures of diabetic changes
For decades, clinicians have noticed differences in some psychophysical measures in diabetic patients early in the disease process. This has been well documented in the literature over time. These functional measures include tests such as contrast sensitivity, color vision, and low contrast acuity to name a few. Of these tests, the literature surrounding contrast sensitivity decreases is likely the strongest. Many publications highlight decreased contrast even before retinopathy is present. [77] [78] In addition, early within the process of diabetic eye disease color vision changes are well documented by a variety of sources. These changes worsen as diabetic eye disease progresses. 79 
Multifocal electroretinography
The mfERG is one test that has been shown to identify changes in the retina at very early stages in diabetes and may be the most sensitive test for early changes to date. The mfERG technology was developed in the early 1990s 80 and has since been used in the evaluation of many ocular neuropathy conditions, including diabetes. The a pseudorandom m-sequence of flickering hexagons. It is highly reproducible between instruments and over time. 81 The waveform of the mfERG produces a trough and a peak at each tested retinal location. The timing to the peak is known as the implicit time and the height from the trough to the peak is known as the amplitude. The technique is described in detail in the references given.
Overall, the test is driven by cone bipolar neurons that reside in close approximation to the retinal capillaries. 82 In diabetes, the predictive use of the mfERG relies on the nature of the tissue as both neural and vascular. Local ocular neuropathy occurs early before the development of DR. This has shown to be true for early retinal changes all the way through to retinal edema and can be measured but not fundoscopically viewed.
The earliest studies using the mfERG in diabetic patients appeared in the late 1990s. These studies have expanded over the last 20 years and have evaluated the retina locally and overall. 83 More recently, the mfERG has been used with other factors as an excellent way to predict future eye disease when used in conjunction with other health factors. 84 This is true in type I and type II diabetic patients of all ages. The Adams UC Berkeley research group has created predictive models in patients with and without retinopathy over 1-3 year periods. These had sensitivities and specificity for prediction of new sites of retinopathy in patient eyes ranging from the low 80s to the high 90s depending on the other known factors and comorbidities. 85 In the model of patients with no prior retinopathy, the mfERG was 80% sensitive and 74% specific for the prediction of future retinopathy at specific retinal locations. 86 This number rose when evaluating patients with retinopathy at risk for edema (84% sensitivity and 76% specificity). 87 Studies in children and specific populations have yielded similar results with retinopathy and other factors of diabetic health, such as duration, being highly correlated with mfERG changes. 88, 89, 90 Overall, mfERG implicit time appears to be a reliable and reproducible marker for future retinopathy that may be considered as a marker or surrogate endpoint for future studies. While this technology remains largely isolated to research institutions, it is available throughout the USA and many other countries. We also expect continued research in the area of mfERG, diabetes, and related factors.
Conclusion and treatments on the horizon
There is no shortage of research on new treatments for diabetes in general or diabetic eye disease. However, to date there are no ocular treatments specific for early stages of DR. Most ocular treatments still focus on the later stages of the disease. The newest treatments for diabetes itself hold promise for reducing the burden of ocular disease via the importance of improving metabolic control. Most new treatments are in the family of incritin memetics (glucagon like peptide 1 analogs) or dipeptidyl peptidase 4 inhibitors (gliptins). Incritins are a family of proteins that help the pancreas release more insulin, and dipeptidyl peptidase 4, is an enzyme that keeps incritins from working well. When evaluating new treatments for diabetes, exenatide injection, pramlintide injection, and Sitagliptin are the most recent additions to the US market. 91 A great deal of research currently continues to evaluate natural therapies such as chlorogenic acids as well as vaccine and transplant options. 92 Moving forward, ocular focused treatments that act on earlier stages of diabetic eye disease are needed. Advances in technology have improved our ability to diagnose differences between the retinal health of patients with and without diabetes. At our fingertips, we have a variety of ways to evaluate the fundus for retinal vasculopathy. What is currently lagging behind are treatment options for those patients with identified changes that move beyond metabolic control and interventions for PDR and CSME.
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